A total of 16 crossbred (Large White × Landrace) castrated male pigs averaging 30.0 ± 2.5 kg were used in two trials (2 × 8 pigs) to determine apparent nutrient digestibility. The control group received feed mixture consisting of wheat and barley. In the experimental group, 3% proportion of wheat was replaced by sodium humate. The results of nutrient digestibility showed significantly lower (P < 0.01) digestibility of crude protein (82.2 ± 1.92 vs. 87.9 ± 2.05%) and crude fat (32.0 ± 2.81 vs. 49.3 ± 2.25%) in the control group compared to the experimental group. Nonsignificantly lower digestibility was found in dry matter (86.0 ± 3.20 vs. 89.2 ± 3.08%), crude fibre (34.3 ± 3.64 vs. 37.6 ± 2.86%) and ash (56.1 ± 2.49 vs. 58.1 ± 2.47%). The results confirmed sorption ability of humate fed to pigs. The decrease of coefficients of apparent digestibility in nitrogen substances can lead to decreased amounts of ammonia into the environment of the stables.
the animals (Suchý et al. 1999; Shi et al. 2001; Ji et al. 2006) . Decrease of ammonia emissions by 30% in the environment of the stables as a result of humate applications into feeds was reported by Herzig et al. (2001) in chicken broilers. Reduction of air ammonia by 16 to 18% was also reported by Ji et al. (2006) after the application of HS1 or HS4 (Humatech Inc., Mesa, AZ) into the diets for pigs.
Nutrient digestibility and nitrogen balance in pigs at the diet supplementation with Humobentofet (25% extracted rape oil, 55% modified bentonite, 20% Humokarbowit plus antioxidant) was studied by Korniewicz et al. (1999) , who did not find any significant effect on digestibility of crude protein, but at 5% supplementation, better conversion of the absorbed nitrogen was observed. Higher nitrogen retention, feed intake and improved feed conversion after humic acid application to rats was reported in two experiments of Yasar et al. (2002) . Only sporadic data on the effect of dietary humate on nutrient digestibility in pigs can be found in the literature.
The objective of our study was to investigate the effect of 3% sodium humate in the diet of growing pigs on balance digestibility of nutrients and selected biochemical indicators in blood plasma.
Materials and Methods

Animals and diets
A total of 16 (2 × 8) crossbred (Large White × Landrace) castrated male pigs, with the initial average weight 30.0 ± 2.5 kg, were used in two balance experiments. Control group (C) received feed compound based on wheat and barley, and in the experimental group (HNa), 3% of wheat was replaced by sodium humate (Table 1) . Feed compounds were designed for the first stage of fattening of meat type pigs with 56% proportion of muscles as isonitrogenous and isoenergetic (Šimeček et al. 2000) . Sodium humate (JV 24) offered by VÚAnCh, Ústí n. Labem, Czech Republic was used in our experiment.
Experimental design
The animals were housed in accredited stables of the Veterinary Research Institute, Brno under required zoohygienic conditions. The average temperature in the stable was 23.7 ± 1.2 o C and relative humidity was 69.5 ± 5.8% during the experiment. Prior to the experiment, the animals were dewormed (Ivomec, inj., Agvet, USA). The preparation period of the experiment took 11 days. Nutrient digestibility was determined during 5 days using the indicator of insoluble ash in 4M HCl in pigs housed in metabolic cages. The faeces were collected from individual animals twice a day at the amount of approximately 100 g, stabilized by 10% HCl, and chloroform, and were kept in the refrigerator until analyses. After termination of the balance period, the faecal samples were homogenized and dry matter and crude protein were determined. For further analyses, the faeces were dried at 60 °C and ground. Apparent digestibility of dry matter, crude fat, crude fibre, ash, nitrogen free extractives and organic matter were calculated. Live weight was determined at the beginning of the experiment and at its termination. Body mass were calculated at individual and group bases. Feed conversion rate was determined based on group feed consumption and live weight gains. After termination of the balance period, blood was collected from v. cava cranialis to determine selected biochemical indicators of blood plasma.
Chemical analysis
Ground samples of feed compounds and faeces were analysed for the content of dry matter, crude protein (N × 6.25), crude fat, crude fibre and ash using the AOAC methods (2001). The samples of experimental diets and faeces were also analysed for the content of insoluble ash in 4M HCl (AOAC 2001) . The concentrations of total proteins, albumin, glucose, cholesterol, alkaline phosphatase (ALP), aspartate and alanine aminotransferase (AST, ALT), gamma-glutamyltransferase (GMT), calcium and phosphorus in blood plasma were determined spectrophotometrically using Bio-La-Tests (PLIVA -Lachema Brno Ltd., Czech Republic). Sodium was determined in blood plasma by the method of emission flame spectrometry.
Statistical analyses
The results obtained were processed by statistical and graphic software STAT Plus (VRI, Brno, Czech Republic). Data were analysed using the basic statistical characteristics; the mean differences were tested by t-test.
Results and Discussion
The contents of crude protein were 158.6 and 160.1 g/kg in the experimental and control diet, respectively. The metabolisable energy for pigs (MEp) was 12.6 and 13.0 MJ/kg; the ration of lysine and MEp was balanced 0.75 (HNa) and 0.73 (C) g/MJ (Table 1) . We can state that the nutritive value corresponded with the data reported by Šimeček et al. (2000) . Chemical analysis of sodium humate used in the experiments showed the following values: 900.4 g dry matter, 63.9 g crude protein, 3.4 g crude fat, 6.2 g crude fibre, 338.5 g ash, 488.4 g nitrogen free extractives, 561.9 g organic matter, and 619 g humic acids. Islam et al. (2005) reported the following composition of humic substances: protein 7.10%, ash 8.33%, fibre 12.5%, carbohydrates 51.2%, nitrogen 1.14%, water 17.7%, ammonia 1.38%, trace elements 0.69%, humic acid 42-48%, and fulvic acid 12%.
Feed intake was balanced and reached 1.18 kg/day in the experimental group and 1.19 kg/day in the control group. No decrease in the intake of food compounds was observed in the experimental group compared to the control group, which implies that no palatability changes of the ration were found. No significant difference in the average weight gain was recorded during the experiment between the experimental and control group but the weight gain and feed conversion were lower by 4.9% (0.41 ± 0.21 vs. 0.43 ± 0.16 kg/day) and by 5.8% (2.90 vs. 2.74 kg/day), respectively, in the experimental group compared to control group.
Crude protein digestibility was significantly lower (P < 0.01) in the experimental group (82.2 ± 1.92 vs. 87.9 ± 2.05%) compared to the control as well as crude fat (32.0 ± 2.81 vs. 49.3 ± 2.25%) (Fig. 1) . Further, non-significantly lower values of dry matter digestibility (86.0 ± 3.20 vs. 89.2 ± 3.08%), fibre (34.3 ± 3.64 vs. 37.6 ± 2.86%), ash (56.1 ± 2.49 vs. 58.1 ± 2.47%), nitrogen free extractives (91.9 ± 2.54 vs. 93.8 ± 2.36%), and organic matter (87.4 ± 2.49 vs. 90.3 ± 3.07%) were found in the experimental group compared to the control. The results obtained are in accordance with the data reported by Korniewicz et al. (1999) . The decrease of the digestibility values can be associated with the ability of humate to construct different types of binding interactions that can affect nutrient resorption. In terms of possible use of HNa as a nutritional additive, the concentration tested appears to be too high and further experiments are needed to find the optimum dose of humate in feed mixtures.
Humic acid contains a large amount of nitrogen in its molecule, has stronger absorption ability to amide and causes that the non-protein amide is used more effectively 351 (Anonymous 2007) . Absorption ability of humic acid results in slower passage of gut contents, prolonged digestion period and increase of anabolic processes (Korniewicz et al. 1999; Suchý et al. 1999; Anonymous 2007) . The residues of humic acid absorb ammonia in the intestines, which only decreases bad smell but also increases the efficiency of faeces as fertilizers (Herzig et al. 2001; Shi et al. 2001 , Ji et al. 2006 . The effect of diets on biochemical indicators of blood plasma of pigs is shown in Table  2 . No significant difference in selected characteristics of protein, fat, carbohydrate and mineral metabolism was found between the experimental group of animals with dietary sodium humate and the control. Biochemical indicators were within the reference range in all animals (Tlučhoř 2001) which suggests a balanced homeostasis of the organism. Sodium concentrations in blood plasma also give evidence of its balanced intake. No symptoms of clinical diseases also confirm beneficial effects of humate on animal health. A highly positive effect of humic substances supplementation on mortality decreasing in experimental pigs was reported by Ji et al. (2006) .
Our results confirmed sorption ability of the tested humate. The decrease of apparent digestibility can mean, in the case of nitrogenous substances, a decrease of ammonia emissions into the environment of stables. The use of HNa as a nutritious additive requires further experiments to determine the optimum dose of humate in the feed mixture.
Vliv humátu sodného na stravitelnost živin u rostoucích prasat
Ve dvou bilančních pokusech bylo použito 16 (2 × 8) kříženců Bílé ušlechtilé × Landrace kastrovaných kanečků s iniciální průměrnou hmotností 30,0 ± 2,5 kg. Kontrolní skupina (C) přijímala krmnou směs na bázi pšenice a ječmene, u pokusné skupiny (HNa) byly 3 % pšenice nahrazeny humátem sodným. Oproti kontrolní skupině byla na základě výsledků stravitelnosti živin zjištěna u pokusné skupiny signifikantně nižší (P < 0,01) stravitelnost dusíkatých látek (82,2 ± 1,92 vs 87,9 ± 2,05 %), a tuku (32,0 ± 2,81 vs 49,3 ± 2,25 %), nevýznamně nižší stravitelnost sušiny (86,0 ± 3,20 vs 89,2 ± 3,08 %), hrubé vlákniny (34,3 ± 3,64 vs 37,6 ± 2,86 %) a popela (56,1 ± 2,49 vs 58,1 ± 2,47 %). Výsledky pokusu dokládají sorpční schopnosti zkrmovaného humátu. Snížení koeficientů bilanční stravitelnosti u dusíkatých látek ve svém důsledku může znamenat snížení emisí amoniaku do stájového prostředí.
